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LETTERS TO THE EDITOR
Strong ion difference theory:
More lessons from physical
chemistry
To the Editor: The recent review in Kidney International
by Kellum [1] is one of a growing number of publications
advocating the use of Stewart’s strong ion difference (SID)
theory [2] for describing physiological acid-base balance.
While the theory is mathematically correct and has yielded
useful data, there appears to be confusion about what
information it actually provides.
Although the Stewart theory has been regarded by some
as “an approach to acid-base which revolutionizes our
ability to understand, predict, and control what happens to
hydrogen ions in living systems” [2], it is really not any
different from the standard acid-base treatment of the
1950’s [3]. As such, the SID theory and the base excess
approach are not fundamentally different. The often made
claim that the variables in the Stewart theory are the only
independent variables of acid-base is, without experimental
support, more philosophical than physiological, since from
a theoretical standpoint the base excess is no less an
independent variable than the strong ion difference.
Kellum points out that “neither the base excess nor the
bicarbonate can tell us how a disturbance came about” [1].
No method based on measurement of equilibrium concen-
trations is able to do that, be it bicarbonate, base excess, or
SID. One way to view this is that the thermodynamic state
functions upon which equilibrium concentrations depend,
do not uniquely determine pathway. Therefore, attempting
to determine pathophysiology unambiguously based on
concentrations alone is impossible. Concentrations are
useful, however, because they provide patterns of change,
which we recognize in the appropriate clinical context of a
relatively small number of disorders.
As a corollary, an equilibrium theory does not provide
mechanistic information per se. To give a simple example,
treatment of a hypochloremic metabolic alkalosis with
normal saline is said to work “because even though one is
giving equal amounts of Na1 and Cl2, the plasma [Cl2] is
always much lower than the plasma [Na1] and thus Cl2
increases more than Na1 when large volumes of normal
saline are administered” [1]. The implication is that SID is
changed directly by the addition of Cl2 using normal saline,
and by this mechanism the metabolic alkalosis is reversed.
Equally, though, we may argue that SID is changed, not by
the relative addition of chloride, but through dilution, since
adding a fluid with SID 5 0.0 mM is mathematically
equivalent to adding pure water (neglecting ionic strength
effects).
As Schlichtig rightly pointed out in an article examining
SID and base excess last year, “at the heart of the contro-
versy is the question ‘in physiology, which independent
variable is regulated to restore pH to normal?’ ” [4]. This is
probably still an open question, but one that, in any event,
cannot be answered by calculations based solely on equi-
librium thermodynamics.
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In Reply to Dr. Wooten: Dr. Wooten makes two impor-
tant points. First, the strong ion difference (SID) and the
standard base excess (SBE) are entirely compatible. The
latter is equal to the amount that the former must change
in order to restore pH to 7.40 when pCO2 is 40 torr. Indeed,
the SID is not new. Mathematically, the SID must be equal
in size to the charges contributed by total CO2 and A- and
therefore equivalent to the buffer base of Singer and
Hastings [1], described 50 years ago. But this misses the
point. One can measure an acid-base abnormality by exam-
ining bicarbonate equilibrium (as is often done clinically),
weak acid equilibrium or the change in SID (which can be
quantified by SBE). The point of Stewart’s work was to
show that all three of these must be satisfied simultaneously.
This requirement allows for mathematical equations to be
written and independent and dependent variables to be
assigned.
Hence, Dr Wooten is right when he states that SBE is
just as independent as SID. However, this distinction
between independent and dependent variables does tell us
a great deal about mechanism because changes in depen-
dent variables cannot occur without changes in indepen-
dent ones. Thus, if PCO2 and ATOT are held constant, H
1
and bicarbonate can only be changed by changing the
concentration of strong ions. Similarly, strong ions cannot
“disappear” into water or CO2 as H
1 and bicarbonate can.
Strong ions must be moved from one compartment to
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another or added to or removed from the body all together.
These simple requirements provide considerable informa-
tion about mechanism.
Dr. Wooten’s second point is that the decrease in SID
produced by the addition of 0.9% saline is mathematically
equivalent to the decrease that would be produced by the
addition of pure water, since both solutions have a SID of
0. He is correct because decreasing Na1 more than Cl2 is
mathematically equal to increasing Cl2 more than Na1 in
terms of the SID. Hence, it is the SID of the fluid being
added relative to the SID of the plasma that determines the
net effect on acid-base balance. For this reason, a solution
such as 5% albumin with a SID of approximately 40 to 50
mEq/liter is alkalinizing to the body even though the pH is
typically much lower than plasma (roughly 6.0). However,
patients are not resuscitated with pure water. Solutions that
contain supraphysiologic concentrations of Cl2, such as
0.9% saline, will increase the plasma chloride concentra-
tion, and hence produce a decrease in SID. This is the




1. SINGER RB, HASTINGS AB: An improved clinical method for the
estimation of disturbances of the acid-base balance of human blood.
Medicine Baltimore 27:223–242, 1948
2. KELLUM JA, BELLOMO R, KRAMER DJ, PINSKY MR: Etiology of
metabolic acidosis during saline resuscitation in endotoxemia. Shock
9:364–468, 1998
INSTRUCTIONS FOR LETTERS TO THE EDITOR
Letters to the Editor will be considered for publication, subject to editing. Letters referring to an article appearing in a recent issue of
Kidney International must be received within 2 months of publication of said article. Letters must contain information critical to a
certain area or must address recently published data. Letters must not exceed 250 words and contain no more than 4 references and
1 figure or table. Financial associations or other possible conflicts of interest must be disclosed. If there is more than one author, a single
corresponding author should be named; this author is responsible for submitting corrections to page proofs.
Letters may be submitted by mail, fax, or E-mail. Letters sent by mail should be addressed to: Letters to the Editor, Kidney International,
Washington University School of Medicine at Barnes-Jewish Hospital (North Campus), Department of Medicine, Suite 4300, 216
South Kingshighway Boulevard, St. Louis, MO 63110-1092, USA. Fax: 314-454-8907. E-mail: sklahr@imgate.wustl.edu
Receipt of letters will not be acknowledged, but authors of letters accepted for publication will be notified of its acceptance. Submission
of a letter to Kidney International constitutes permission for use of this letter by the journal’s copyright holder, the International Society
of Nephrology, or its licensees/assignees in any of Kidney International’s original, revised, or collected editions of any medium (print,
electronic, etc.) or form.
Wooten: Letter to the Editor1770
